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UNDER WATCR TREAIMENT 

This invention' relates to an clectrosurgica] instrument for the treatment of tissue in the 
presence of an etectiically-conductive fluid medium, to electrosurgical apparatus including 
5 such an instrument* and to an electrode unit for use in such an instrument. 

Endoscopic eiccirosurgcry is useful for treating tissue in cavities of the body, and is 
normaHy penbrmcd in the presence of a distension medmm. When the distension medium 
is a liquid, this is commonly referred to as underwater electrosurgcry, this term denoting 
10 eiectrosurgcr\- in which living tissue is treated using an electrosurgicai instrument with a 
treatment elearode or electrodes immersed in liquid at the operation site. A gaseous 
medium is commonly cmj^oyed when endoscopic surgery b performed in a distensible 
body cavity of larger potential volume in wUch a liquid medmm would be unsuitable, as 
is often the case in laparosco}nc or gastroenterological surgery. 

15 

Underwater surgery is commonly perfoimed using endoscope techmques, in which the 
endoscope itself may provide a conduit (comroonly. referred to as^a workii^ channel) for 
the passage of an electrode. Alternatively, the endoscope may be spedficaBy adapted (as 
in a reseaoscope) to includc.mcans for mountnig an electrode, or the electrode may be 

20 introduced into a body cavity via a separate access means at an angle v^th respect to the 
endoscope - a technique conwnonly referred to as iriangulation. These variations in 
technique can be subdivided by surgical spcd^ty, where one or other of the techniques 
has particular ad\*antages given the access route to the specific body cavity. Endoscopes 
vnih integral wrking channels, or those charwacrised as resccioscopes, are generally 

25 employed v/hcn the body cavity may be accessed through a natural body openii^ - such 
as the cervical canal to aa« the endometrial cavity of the uterus. « 
the prostate gland and the bladder. Endoscopes spedficaSy designed for use in the 
endometrial caxiiy arc referred to as hysteroscopes. and those designed for use in the 
urinary tract include cystoscopes. uretkosoopes and resectoscopes. The procedures of 

30 ' transuredial resection or vaporisation of the prostate gland are known as TURP and EVA? 
respecdvdy. When there is no natural body opeinng through which an endosc^ 
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passed the technique of triangulalion is commonly employed. Tnangulation is commonly 
used during underwater endoscopic surgery on joint ca\ities such as the knee and the 
shoulder. The^ endoscope used in these procedures is conunonly referred to ai an 
arthroscope. 

5 

Electrosurgery is usually carried out using either a monopolar instrument or a bipolar 
instrument. With monopolar electrosurgery, an aaive electrode is used in the operating 
region, and a conductive return plate is secured to the patient'^ skin. With this 
arrafigement. current passes from the acth^e electrode through the patient's tissues to the 

1 0 external return plate. Since the patient represents a significant portion of the circuit, input 
power levds have to be hi^ (typically 150 to 250 watu). to compensate for the resisthre 
currem fimitii^ of the patiemfs tisntes and, in the case of tmderwater dectrosurgeiy. power 
losses due to the fluid medhim which is rendered partialK* conductive by the presence of 
blood or other body fluids. Using high power with a monopolar arrangement is also 

15 hazardous, due to the tbsue heatii^ that occurs atthe return plate, which can cause severe 
skin bums. There is also the risk of capadtive coupling between the instnunent and patient 
tissues at the emry point into the body cavity. 

With bipolar electrosurgery, a pair of .electrodes (an aaive dectrode and a return 
20 dearode) are used together at the tissue application ate. TOs arrangement has advant^es 
fiom the safeQr standpoint due to the.rdat}ve proxhnity of the two electrodes so that radio 
frequency currents are limtted to the rqpon between the dectrodes. However, the depth 
of effect is directly related to die distance between the two electrodes; and, in applications 
reqinring very small dectzodes, the inter-dectrode spacing becomes very smaO, thereby 
25 limiting tissue effect and the output power. Spadng the dearodes further apart would 
often obscure vision of the appficatson stte^ and would require a modification in surgical 
technique to ensure direct contact of both dectrodes vndi the tissue. 

There are a number of variadons to the basic de^gn of the bipolar probe. For example, 
30 U.S. Patent Spedflcarion No.4706667 describes one of the fundamentals of the desgn, 
namely that the ratio of the coxAaa areas of the return dectrode and of the active dectrode 
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IS greater ihan 7: 1 and smaller than 20: 1 for cutting purposes. This range relates only to 
cutting elearode configurations. When a bipolar instrument is used for desiccation or 
coagulation, the ratio of the contact areas of the two dq^rpdes-may be reduced to - - 
approximately 1 : 1 to avoid diflferemial electrical stresses occurring at the conuct between 
5 the tissue and ihe electrode. 

The electrical junction between the return electnxte and tissue can be supported by wetting 
of the tissue by a conductive solution such as normal saline. This ensures that the surgical 
effect is limited to the needle or active electrode, with the electric circuit between the two 

10 electrodes beinu completed by the tissue. One of the obvious limitations with the design 
is that the needle must be completely buried in the tissue to enable the return electrode to 
complete the circuit. Another problem is one of the orientation, even a relatively small 
change in application angle from the ideal perpendicular contact with respect to the tissue 
surface, will change the contact area ratio, so that a surreal effect can occur in the tissue 

1 5 in comact with the return electrode.. 

Cavity distension provides'^vspace for: .g^ng^acoess^torthe^^ 
visualisation, and to allow for maiupulation of instruntems. In low vohime body cavities, 
panicularly where it is desirable to distend the cavity under hitter pressure* fiqind rather 
20. than gas is more commonly used due to better optical charaaeristics, and. because it 
washes blood aw^ from the operative site. 

Conventional underwater eicctrosurgcfy has been performed using a noit-conductive liquid 
(such as 1. 5%. glycine) as an irrigant, or as a distension medium to eliminate electrical 
25 conduction losses, dydne is used in isotoiuc concentrations to prevent osmotic changes 
in the blood when intra-vascular absorption occurs. In the course of an operation, veins 
■maybesevered^withresultaminfuskmoftbefiqt^imothedrculation, wl^ cause, 
among other things, a cEhition of senim so£um wMdi can lead to a condition known as 
water intoxication. 



30 



10 
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The applicants have found Aat it is possible .o use a conductive Hquid medium, such as 
normal saline, in undenvater endoscopic dectrosuigenr in place of mH^conduaivc. 
electrolyte-free solutions. Nomial saline is the preferred distension medium in Underv^ter 
endoscopic surgery when dec.rosurg«y is not comempUteA or a non-dearical tissue 
effect such as laser treatment is used. Although nonnal saline (0.9%w/v: I50mmol/I) 
has an electrical conductivity somewhat greater than .hat of most body tissue, i, has the 
advantage that dispbcemen, by absorption or extravasation from the operative site 
produces little physiologiad effea. and the so-called water intoxication effects of non- 
conductive, deorolyte-free sohitions art avoided. 

CariHH, dioxide is the prderred gaseous distension medium, primarily because of its non- 
toxic nature and Ingh water, sohibilitv. 



In endoscopic procedures in which the distension medium is a gas. the appUcams have 
15 found that it is possible to us«.aaelectrica%^onducdve.sas.(sod..as :aigon> in pla« 
carbon dioxide. .Argon is conductive wheir cxdted into a disd«,ge state, and ha, been 
etnployed in both endoscopic andconventionafcrnonopote dectiosurgeiy as a method of 
increasing ihc distance between the tissue and the instrument, by p^vidim, , conductive 
path between Che two xvhen high vohage dectrosurgical outputs sud, as sprav or fulgume 
20 are bring used. The high voltages used in this applicauon result m a ve^r low penetration 
of the dectrosurgical dfea imo the tissue, making the tedmique only suhable to control 
b)eedii« fiom multiple smafl blood vessds. This allows the surgeon to staund, bleeding 
from multiple sites in a suigical sites in a surgical ivound using a rapid -paminr 
««chnique.n«herthan.pp^««decirosuigeiytoead.i^ Tbe^on 
25 «5« is delivered through a hollow surgical instrumew. and passes over the m^ 
electtXHle exposed at the tip of the instromem as a strewn. Thfa p,od«^ 
openuive she v*id» is ridiih argon, and whidtcomributes to the distension of the b«^ 
cavity. High voltage monopolar dectrosurgical outputs a« undesirable in endoscopic 
surgeiy. because of the risks of damagng structures outside the field of vision, by dther 
30 «^»citiveordiieacoupHngtoapoftionoftheinstnnnemremotefh«,th^ 
o&en outside the fidd of vision of the operator. 
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The appScams have devdoped a Upolar insirument suitable for underwater electrosurgery 
using a conductive liquid or gaseous medium. This elearosurgtcal instrument for the 
treatment of tissue in the presence of a Quid medium, comprises an instrument bodv having .r 
a handpece and an mstnmiem shaft and an electrode assembly, at one end of the shaft. The 
5 electrode assembly comprises a tissue treatment (active) electrode which is exposed at the 
extreme distal end of the instrument^ and a return electrode which is electrically insulated 
from the tissue treatment electrode and has a fluid contact surface spaced proximally from 
the exposed pan of the tissue treatment electrode, in use of the instrument, the tissue 
treamient electrode is applied to the tissue to be treated whilst the return electrode, being 
10 spaced proximally from the exposed pan of the tissue treatment dectfode» is normally 
spaced from the tissue and serves to complete an eiectrosur^cal current k>op from the 
tissue treatment elearode throinth the tissue and the fluid mecfium. This electrosurgical 
instrumem is described in the specification of our European- Patent -Application 
96918786.1. 

15 

The electrode stiuaure of this instrument^ in combination with an electrically-conductive 
fluid medhim;. largely avoid&-:the..problems^.experienced.>with^inx>nopolar or. bipolar 
electrosurgery. In particular, input power levels arc much lower than those generally 
' necessary with a monopolar arrangement (typically 1 00 watts). Moreover, because of the 
20 rdatively large spacing between its electrodes, an improved depth of effea is obtained 
' compared with conventional bipolar airangemeats. 

The specsficatson of our International Patent Application GB96/0I472 describes an 
irrigated bipolar electrosurgical instrument that can be used in open air or gas-filled 

25 environments. This instrumem includes an internal channel for feecfing dectricaUy- 
conductivefhiid (typically saline) to the exposed end of a tissue treatment electrode so as 
to provide a conductive fluid path that completes an electrical circtiit to a return electrode 
when the instrument is in use. Hus instnnnent also indudes an internal channd for 
removiiisflindfiom the r^lM^ofthe exposed end of the tissue treatmem When 

30 the fhiid is a fiquid. such as saline; the presence of that liquid can cause collateral tissue 
dam^e, so its removal is destiaUe. This type of instnmiem is intended primarily fcnruse 
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in open air or gas-fiHed environments* and is not suitable for use with electrosurgical 
procedures which require distension of a body cavity. 

However, where the vohime of a body cavity is small - for example in arthroscopic surgery 
5 where even the large joints, such as the knee^ may only accommodate 50-60 ml of 
irrigation fluid - the following problems may occur« namely: 

(i) Heated fluid in the immediate ^entity of the tissue contact electrode can cause 

collateral tissue damage; 
10 (ii) The products of the tissue vaporised by the tissue contact electrode can cause 

visualisation problems; and 

Oil) Soil tbsue present in a joim space tends to move about* making it difficult to apply 
the active electrode to vaporise such tissue. 

15 An anhroscope electrode may be charaacrised as shon (100 to 140 mm)* and ri^ with 
a working diameter up to 5 mm: It can be introduced through a stab incision into a joint 
cavity (with or without a caiuiula) usingithetriangulation technique;- Such an electrode is 
operated with a motion w^ndi moves the elcarode between the 9 C Clock and 3 O'Qock 
positions on the arthroscopic image. As a result, the dssuc to be treated is. usually 

20 approached at a shallow working angle with respect to the axis of the dectrode. An 
arthroscopic dearode thus needs to have an effect consistem with this an^ed approach 
to the tissue. The tissue to be treated sudi as metuscai cartSage. is commonly dense and 
of a lugh dearical impedance. An artbroscope deorQde requires output power and 
vohage settings that reflect the type of tissue bdng treated, the »ze of dectrode* and the 

25 to that aithrosci^»sts arc seeking a speed ofeflTeacoinparablc to that of them 

diaver devices th^ currently employ* albdt vMn an dectrode of smaller dnnensions than 
a shaver blade for hnproved access. 

The mm of the invention is to provide an improved dectrosurgical tnstrumem of tlus type. 

30 
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The present mvention provides a electrosurgical instiumeni for the treatment of tissue in 
ihc presenc? of an dccirically-conduaive fluid medium, the instniment comprisins an 
instrumem shaft, and an etedrode assembly at one.end of the shaft; the electrode assend)ly 
comprising a tissue treatment electrode and a return electrode which is electrically 

5 insulated from the tissue treatment electrode by nieans of an insulation member, the tissue 
treatment electrode having an exposed end for treating tissue, and the return electrode 
having a fluid contact surfece which is spaced from the tissue treatment electrode in such 
a manner as to define, in use, a conductive fluid path that completes an electrical dicuit 
between the tissue treatmait electrode and the return dearode* wherdn the dectrode 

10 assembly is provided with a pluralhy of apertures in the region of the tissue treatmem 
dectrode through which apertures vapour bubbles and/or paniculate material can be 
aspirated from the region surrounding the tissue treatment .dearodc. 

In a preferred embodiment, the instrument further comprises a pump for subjeciins the 
15 distal entf port ioff of the instrument shaft to a^suhr^nrosp^ 

in use, vapour bubbles and/or particulatc^maierial throughisaidiapenurcs from the r^n 
surrounding the tissue treatment electrode. , 

Advantageously.ahfrpump is activated cyclically whereby matter is aspirated in a pulsed 
20 fashion: The pump may additionally or ahcmauvdy be acuvatcd only when the tissue 
treatment dectrode is powered for tissue vaporisation. 

Preferably* the instrument fiirther comprises an RF generator having a bipolar out|mt 
conneaed to the tissue treain»it dectrode and the return decinxic. In tins case. 
25 may be controDed in dependence upon Ae voltage output characteristics of the RF 
generator. 

The return dectrode is spaced from the tissue treatment dectrode so that, m 
not contact the tissue to be treated, and so that the dectrical circuit is always comfrfcted 
30 by the conductive fluid, and not amply by arcing between the dectrodes. Indeed, the 
arrangement is such that ardng between acQacent parts of the dectrode assembly is 
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avoided. thereb>* ensuring that the tissue treatment eiecuode can become enveloped in a 
vapour pocket so that tissue entering the vapour pocket becomes the preferred path for 
' current to flow back to the return electrode via the conductive fluid. 

5 The electrosurgica) instrument of the invention is useful for disseaton. resecdon. 
vaporisation, desiccation and coagulation of tissue, as wdJ as for combinations of these 
functions. It has a particular application in arthroscopic surgery as it pertains to 
endoscopic and percutaneous procedures performed on joints of the body including, but 
not limited to, such techmques as they a|^ to the spine and other non-synovial joints. 

10 Arthroscopic operative procedures may include: panial or complete meniscectomy of the 
knee joint inchjding meniscal cystectomy; lateral retinacuku^ release of the knee joint; 
removal of anterior and posterior cruciate ligaments or remnants thereof: labral tear 
resectioa acronuoplasiy, bursectomy and subacronrnal decompression of the shoulder joint; 
anterior reiease of ihe temperomandibutar joint; synovectomy, cantlage dd>ridement« 

15 chondropiasty, division of intra-articular adhesions»d&acture;and>tendon debrid^ 
appfied to ariy of the synovial joints of^the body; indudng thennal shrinkage of joi^^ 
- capsules as^a treatment for rectnrent dtdocation;vsubhixation or^repetitive stress injury to 
any aniculated joint of the body; discectomy either in the treatmem of a disc prolapse or 
. as part of a^naL fusion via a posterior or antericM'.approach to the cervicaL thoracic and- 

20 hunbar spine or any other fibrous joint for similar purposes; exdaon of diseased tissue; and 
haemostasis. 

The instrumem of the invention is also useAil for dissection, resection, vaporisation, 
desiccation and coagulation of tissue, as wdl as combinations of these functions, with 

25 panicular application in urolo^cal endoscopk (urethroscopy, (^oscopy. ureteroscopy 
and nephroscopy) ami percutaneous surgery. Urological |m)cedures may inchide: electro- 
vaporisation of the prostate ^and (EVAP) and other variants of the procedure commonly 
lefenred to as transurethral resection of the prostetefTURP) inchiding, but not limited to, 
interstitial ablation of the prostate gland by a percutaneous or peniret hral route wtetfaer 

30 performed for bei^n or malignant disease; transurethral or percutaneous resecdon of 
tirinary tract tunaours as they may arise as prinMiy or secondary neoi^asms, and fiirt 
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they may arise anywhere in the uroiogicai tract from the calyces of the kidney to the 
external urethral meatus; division of strictures as they may arise al the peiviureteric 
junction (PUJ). ureter, ureteral orifice; bladder neck orureUira;(DorrectiQQ oruQrterocoele; 
shrinkaue of bladder diverticular, cystoplasty procedures as they pertain to corrections of 
5 voiding dysfunction; thermally induced shrinkage of the pelvic floor as a corrective 
treatment for bladder neck descent; excision of diseased tissue; and haemostasis. 

Surgical procedures using the electrosurgical instnunent of the invention may also inchide 
introducing the electrode assembly to the surreal »te, whether through an artificial 

10 conduit (a cannula) or a natural conduit, which may be in an anatomical body cavity or 
space, or one created surgically. The cavity or space may be distended during the 
procedure using a fluid, or may be nattirally held open by anatomical structures. The 
surgical site max* be bathed in acontimious flow of conductive fluid such as saline sohition 
either to fill and (fistend the cavity, or to create a locany-irrigated environment annmd the 

15 lip of the elearode asscn*ly in afgas filled cavity. The irrigating.fluid.roay.be aspirated , 
from the surgical site to remove products created by applicatioA of the RF energy, tissue 
debris or. blood; The procedures may rindude simultaneous^yiewing of the site via an 
endoscope, or using an indirea visualisation means. An irrigated bipolar electrosur^cal 
instrument is described^ in the specification of our International Patent Application 

20 GD96/01472. 

Advantageously, the exposed end of the tissue treatment electrode extends laterally 
through a cut-out provided in the insulation nietnber at the cfistal end portion of the 
instrument,, the fluid contaa surface of the return dectrode overlying the insulation 
25 member in the region of the cut-out. 

In a preferred embodiment, a single cc^ filament constitutes the tissue treatment 
elearode, and said apertures are formed in the insulation member, the apertures being 
portioned around, and afQacent to, the tissue treatment electrode. Preferably, the filament 
30 has a diameter King within the range of from 0.05 mni to 1 .0 nun. 
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Ahefnativdy. an apertured plate constitutes the tissue treatment electrode, the apertures 
of the plate constituting the apertures through which vapour bubbles and/or particulate 
material can be aspirated. The outer surface of said plate maybe formed with recesses 
adjacent to the apertures. The recesses trap vapour pockets, and so reduce the 
5 vaporisation power threshold of the instrument 

The tissue treatment electrode may be made of ningsien or of an alloy of tungsten or 
pbtinum. 

1 0 Preferably^ the instrument further comprises a tube positioned within the instrument shaft 
for connectini^ said apertures to the pump. The tube may be a multt-himen tube, in which 
case it defmes a plurality of channels, the diameter of each of said channels being at least 
equal to the diameter of the apertures in the region of the tissue treatment dectrode. 
Alternatively, the msmiment further comprises a fihcr at the distal end of the tube. 

15 

The iiivention aliso' provides^ aih dectrode: urut> for an'' dectrosurg^ for the 

treatment oflissue iff the presenceof an decoical^conducttv&liuid medium, the dectrode 
mm comprising a shaft bavii^ at one end means Ibr connection to ^ 
and, mounted on the other end of the shaft an dectrode,assembly coa4irising.a tissue 

20 treatment electrode and a return dearode which is decirically insulated from the tissue 
treatment dectrode by means of an insulation member, the tissue treatment dectrode 
having an exposed end for treating tissue, and the return dectrode having a fluid contact 
surfiK:e which b spaced from the tissue treatment dectrode in such a manner as to define, 
in use« a conductive fhiid path that completes an dcctrical circuit between the tissue 

25 treatment electrode and the return dectrode, wherein the dectrode assembly is provided 
with a phirality of apertures in the region of the tissue treatmem dectrode, through which 
apertures vapour bubbles and/or particulate material can be aspirated from the region 
surrounding the tissue treatmem dectrode. 



30 The ittvendon further provides dectrosm^cal apparatus oomprisii^ a radio frequency 
generator and an dectrosurgjical instnimeot for the treatment of tissue in the presence of 
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an dectrically-conductivc fluid medhun. the instnimcnt comprising an instniment shaft, and 
an electrode assembly at one end of the shaft, the electrode assembly comprisuig a tissue 
treatment elcarode and a return electrode which is electriealh- insulated from the tissue . 
treatment electrode by means of an insulation member, the lisaie treatment electrode 

5 having an exposed end for treating tissue, and the return electrode having a fluid contaa 
sur&ce which is spaced from the tissue treatment electrode in such a manner as to define, 
in use, a conductive fluid path that completes an electrical circuit between the tissue 
treatment electrode and the return electrode, and the radio frequency generator havii^ a 
bipolar output connected to the electrodes* wherein the electrode assembly is provided 

10 with a phirality of apemircs in the r^on of the tissue ueatment electrode* through which 
apenures vapour bubbles and/or particulate material can be aspirated from the regjon 
surrounding the tissue treatment electrode. 

The invention will now be described in greater detail by way of example, with reference 
1 5 to the drawings, in which:- 

Figure i b a diagriuii shovwittt » accordance with 

the invention; 

20 Figure 2 is a diagrBmmatic side elevation of a first form of elcarode unit construaed in 
accordance v^rith the invention: 

Figure 5 b an enlarged view, looking in the direction of the arrow A of Figure 2, of part 
of the first form of electrode unit: and 

25 

Figures 4 to 6 arc diagrammatic side etevasums of second, tinrd and fourth forms of 
electrode tmit constructed in accordance with the invention. 



Referraig to the drawings. I shows etectrosurgical apparatus mchiding a generator 
30 I havii^ an omput socket 2 providing a radio firequoKy (WO 

cord 4, for an instrument in the form of a handpiece 3. Activation of the generator 1 may 
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be perfonned firom the handpiece 3 via a control connection (not shown) in the cord 4, or 
by means of a footswitch unit 5 connected separately to the rear of the generator I by a 
•footswttch connection cord 6 In the ilhistrated embodiment* the footswitch unit 5 has two 
footsvsntches 5a and 5b for selecting a desiccation mode and a vaporisation mode of the 
5 generator 1 respectively. The generator front panel has push buttons 7a and 7b for 
respectively setting desiccation and vaporisation power levels, whidi are iiKiicated in a 
display 8. Push buttons 9 are provided as an altemaive means for selection between the 
desiccation and vaporisation modes. 

10 The handpiece 3 mourns a detachable electrode unit £, such as the electrode unhs El to £4 
to be described bdow. 

Figure 2 shows the first fonn of electrode unit El for detachable fastening to the 
electrosurgical instrument handpiece 3, the electrode unK comimsing a shaft 10« which is 
15 constituted by a semi-flexible tube made of stainlessrsieel^or^phynoxvelearoplated in. 
copper or gold, with an eiectrodeisssemb^ 12 ata distal end thereof ArA^ other end (not 
shown) of the shah 1 0.^means.are provided:fori connecdnjg: tbcLetectrode unit El to the 
handpiece 3 both mechamcaUy and dectrically. 

20 The RF generator 1 (not shown in Figure 2) delivers an electrosurgical current to the 
electrode assembly 13. The generator 1 includes means for varying the delivered output 
power to suh tfiffercm dectrosuigical rcquiremems. The generator may be as described in 
the spedficatioD of our European Patent Application 96304558.8. 

25 The dectrodeumt El indudes an active (tissue treatxnent) electrode 14 wlndi is constituted 
by a curved fenestrated plate made of tui^sten or an alloy of tui^sten or platimim. The 
active electrode 14 is formed wtdi a phirafity of fenestrations 14a, and the r^iions 14b of 
the active electrode adjacent to the fenestrations define cup-shaped recesses (see Figure 
3). The active dearode 14 is connected to the RF generator 1 via an msulated central 

30 copper conduaor (not shown). A ceramic insulation sleeve 16 surrounds the central 
conductor, the acdve electrode 14 extending laterally therefrom through a cut-out 16a. A 
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poiyietrafluoroethyiene. a polyolcfia a polyester or cthyi^ icirafluoroeihylene) 
surrounds the proxinial portion of ihc shaft adjacent to the return electrode 18. The return 
dcarodc 18 is formed with a hood-like extension 18a which extends over the sunaccS>f 
the sleex* 16 wHdi is opposhe to the cui^t 16a. The clearode unit El can, thus, provide 
5 maximum tissue enuagcmcni for shallow working angle applications* and is known as a 
side-effect electrode. 

Tins elearosuryicai insmimem is particularly useful for rapid tissue dcbulkino. One of the 
problems which could be encountered when tissue is rapidly dcbulkcd using an 

10 arthroscopic electrode configuration particularly when working in small joint spaces, is 
!he production of vapour bubbles generated as an end product of tissue vaporisation. Such 
bubbles obscure visiom and can coalesce at the site ol- tissue application, so that the 
electrical circuit between the aaive and return electrodes becomes compromised by the 
absence of conductive fluid. Irregular active electrodes having filamemaiy. mesh or coiled 

1 5 spring forms go some way to solving^ this problein,^;as>tbcy^ reduce the vaporisation 
threshold as- disclbaed in?:tlie spedfiq^ Patent Application 

GB97A)0065 .Another advantage of tliese dcctrode-fojros jscthat^ bubbles generated 
by vaporisation are smaller than those formed by solid electrodes. As the brush dearode 
14 of tlus dcctiosurmca! instrument is of irregular shapci it also has thciadvamagc of 

20 producing relatively small vapour bubbles as the product of tissue vaporisation. The 
production of vapour buMes is. however, further reduced as a result of the lower 
threshoM power of vaporisation which results from use of the electrode unit El. This 
improvemem results from the hood4ike extension 18a of the return electrode 18 which 
extends over the back of the active decirodc 14. This reduces the separation between the 

25 active electrode 14 and the retunidectrode 18. thereby reducing 

vaporisation threshold power of the active dectrode. This enhances the speed of 
vaporisanon of the tissue at a tower pofwer than wouW othervwsc be req 
active dectrode area, and hence reduces the fonnanon of va^ 

exiensioD t8a extends aloi^ the entire length of the active dectrode 14. a large active 
30 dectrode size can be supported. des|Hic the reduction in electrode separation. 
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ltoexieiid$ak«8ihc<«tirclci®hoftte 14. a large active dcctiodc size 

can be supponcd, despite the reduction in electrode sqwration. 

In onter to reduce fantertlKprottenB of vapour bubble pnxlua^^ 
5 is provided with a siiction pump (not shown) which can renwve vapour bubbles vu the 
shaft of the instiumem through the fenestradons 14a in the active electrode 14 This 
enhances the elimination of vapour bubbles from an operation site, which is particubriy 
advantageous during aggressive tissue debuUdng. The suction pump must be controlled so 
that the now of bubbles through the elearode 14 is balanced to the vohage output 
10 chaiacteristics of the RF generator 1 to prevent excessive cooling of the acUve electrode 
and a resultant increase in its vaporisation power threshold. The thermal mass of the 
Jw>csttaied active etearode 14 is.lower than that of a solid form a 
assists in rapidly reestablishing the vapour pocket around the aaive electrode should this 
«>M"Pse foOowing excessive cooling. The cup-shaped recesses 14b in the active electrode 
J5 14 help to maintain the vapouRpocket byietaining saline despite the fluid flow caused by 
the aspiration of the suctioniump^ Thetrappedsalineabsoibs encigj^ and so is vaporised 
in preference to the safinein the:fluid flowcaused J>y theaspiistion. 

Therobustness of the electrodeasserobly 12 isalso impoitam in aithro^ 
20 because of the tendency of surgeons to use an electrode assembly as a cold manipulator, 
and because of the rigid nature of the tissue to be treated - panicuiaily bone and cartilage. 
The hood-lifce extension 18a adds mechanical strength to the electrode assembly 12, as it 

extends over the ceramic insdation sleeve 16. theieiy redudi® the risk of cer^ 
and potential breakdown of insulation. 



25 



Thedectrodeunit a is intended jmmarily for use in arthroscopic surgeiy which requires 
rapM tissue delwDdi« by vaporisanoa In use. the electrosmgical in^^ 

to imroduce die eh«rode assembly 1 2 Imo a sdected operation site (for exampk 
the joim space of a knee), so that the electrode 14 contam the tissue to be treated, and 
30 with the tissue and the electrode assembfyimmeisedrosaBne. 
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The footswhch 5b (or the push button 7b) is then operated to set the required power level 
for vaporisation. The generator I then provides sufficient RF power to the electrode 
assembly 12 to vaporise the safine surrounding the electrode 1 4i and to maintain a vapour 
pocket surroundii^ this electrode. Usiiig a brushing technique, with firm pressure against 
5 the tissue surface, rapid ddniOdi^ the tissue is achieved. Gently toudnng the tissue will 
reduce the effect, and can be used to sculpture and smooth the residual tissue surface. With 
tissue engagement, provided the geometry of the aaive electrode 14 is appropriate for the 
appEcation, the flow of irrigant through the active electrode will be reduced, the amount 
of reduction depencfing on the nature of the tissue surface, the appfication pressure an^ 

1 0 suction pressure. Speed of debulking will, therefore, depend on these variables. Once the 
vaporisation occurs, the produas will include vapour bubbles, carbon particles and tissue 
debris. All of these products are removed (rom the region of the action electrode 14 by 
aspiration caused by the suction pump. The fenestrations 14a are positioned so that 
v^rised tissue is drawn into the instrument, and then evacuated through the instrument 

1 5 shafi 1 0, by the aspiration of the suaion pump. 

The electrode unit D is also very efiecdve in removing heated saliiie (distension fluid) from 
within a joint cavity. The risk of hot distension fkud occurs primarily during power 
application to reach the vaporisation, threshold. Once:the threshold has.been reached, the 
20 power requirement falls by 30-50%. 

Whilst aspiration through the aaive electrode 14 ik^II remove heated saline fitmi the body 
cavity, and remove any risk of overheating through prolonged activation under conditions 
where the vaporisation threshold is not reached, the coofing effect and disruption of vapour 

25 pockets created arourul the active elecuode will increase the vaporisation threshold. A 
vicious cycle cziu therefore, be created, wherdn the more suction applied through the 
electrode 14, the nK>re power reqitircd to reach the vaporisati<Hi threshold, and the greater 
the risk of heating. The other fector inftuendng the vaporisation threshold is the ratio of 
return active contact area, and the insulatioa separation between the two electrodes 14 and 

30 18. The size of the active electrode 14 and the insulation separation nmst, therefore; be 



16 

rethiced to the irammjm neccssaiy to achieve the function in cider to of^t the effects of 
aspiration in elevating the power threshold ofvaporisatioa 

ii 

The specification of our Intemational Application GB97/00065 discloses techniques 
5 for controlling the vaporisadon threshold by employing active electrode designs which 
assist in capturing vapour pockets and preventing cooling of the acuve electrode 
application site by screening from the flow of inigant provided by channels in an 
endoscope. The fenestrated electrode 14 of Figure 2. which is reminiscent of a grater in 
which the holes are punched outwards from the inside, provides both die aspiration boles 
10 14a and the areas 14b where die vapour pockets may be trapped, to reduce the 
vaporisation power threshold. 

An ahemative or supplementary method of reducing tht vapoiisation power Uu^eshold is 
to pulse the suction pressure, diereby aUowing die dvesbold to be attained between pulses. 
15 Sudi pulses mwbe synchroiused widi tije output features die RF generator I. bodi for 
safety reasons (if there is an occftisiott of dieaoctiiDff di8nnd)i>^^ power bursts 

during active suction io sustamahe wqxnjrrpocket;- anddeai^aiy 
fenestrations 14a in the active electrode 14. 



A known technique in anbroscquc surgeiy is to zppiy suction dwoi^b a mechanicaL 

tissue^iibbling device, so dm s(^ tissue present in the joim space; s^ 

fet pad, can be heW in position witWn the nibWer jaws by suction whilst it is progressi^ 
"nibbled* anway. 



Attracdi^ tissue to die active electrode 14 of the electrode unit B has a similar eflFect as. 
for the reasons already given above, compliant tissue adhering tt) the active electrode wiD 
result in a reduction of the vaporisation power tfaresfaofaL Adheiem tissue wUl be rafndly 

vaporised, and smaO tissue partides produced durii« vaporisation win be aqwated^fi^ 
the qipEcarion site. 



30 
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Because of hs speed of debuUcing and side-effect configuration, the electrode unit EI also 
has advantages in urological surgery as an EVAP technique for use in conjunction with a 
resectoscope. A resectoscope electrode unit is introduced very differeti^iy, in that it is 
mounted on an endoscope prior to passage of the assembled instrument throi^ a working 
5 sheath introduced via the urethra. The proximal end of the electrode unit is cotmected to 
a trigger assernblyaiKi an dectrtcalcontaa which is Bitegral with the resectoscope. Bythis 
means* the elccvode unit El can be moved hack and forth through a d^ned range of 
motion by operating the trigger mechanism. As the electrode unit El is assembled prior to 
introduction, the size of the tip is not constrained by working chaiuiel dimensions, but 

10 rather by the diameter of the working sheath which can be up to 10 mm. Part of this 
diameter is occupied by the support wires to the electrode unit El, which wires are 
commonly bent in a downward angle, with respect to the endoscopic image, to the working 
tip, so that they do not interfere with either visualisation or its operation. The electrode 14 
can have a length lying within the range of torn 3 mm to 4 mm and a width lying in the 

15 range of firom2 mm to J mni,;and thi&siz& is necessaiy. to.u^^^ surgery given that, 
on average, 20-30 gramsrof prostate tissue.tmisr be removed. 

Because of the reservoir effect of the urinary Madder, and the mounting of the endoscope 
to view the tip ^ of the- active electrode 14 from below, bubble , generation during 
20 vaporisation is less of a problem during endoscopic urok>gy; as the bubbles flow away from 
die endoscope to accumulate in the bladder. Nevertheless, the use of the electrode uiut £1 
substantially reduces the possibility of bubble generation causing problems. 

Although the electrode unit £1 is intended primarily for use in the vaporisation of tissue, 
25 it can also be used for desiccation, particularly of synovial membranes or to separate 
muscle attachmemsu In tfus case, once the electrode assembly 12 has been introduced into 
a selected operation site, the RF generator 1 is actuated uang the footswitch 5a or the 
push button 7a lo set the required power level for desiccation. The generator I will then 
provide sufficient RF power to the electrode assembly 1 2 to matntnn the saline a<yaccm. 
30 tothefoiestrateddectrodel4substandallyatitsboiltogpomtw^ 

pocket surrounding that ckctrode The instrumem can then be iiianipulated by iiK^^ 
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electrode 14 across ihe surface of the tissue to be treated in a side-to-sidc "painting- 
teduiique. 



The electrode unit El can also be used for delivering a blended power output. This is 
5 achieved by auiomaiicaJly alternating the output of the RF generator 1 between the 
desiccation and vaporisation power levels, so that more haemostasis is produced then Is 
possible in the vaporisation mode. As a consequence, the speed of tissue debulking is 
reduced, but the increased haemostasis is useful when cuttmg or debulking vascular tissue 
sinicturcs. Alternatively, the output of the RF generator I can be pulsed at the vaporisation 
10 power level, without cycled activation of the desiccation mode. This produces a less 
aggressive tissue vaporisation than occurs in the vaporisation mode, wUh a consequent 
reduction in both bubbiefonniation and the risk of tissue charring. 

Rgs 4 to 6 show dcctiode units E2 to E4 whkA are modified versions 
15 El. Accordingly, like reference numerals wilhbc^used>?for>Kk&:parts..-^ 

roodificatk>ns v^U be desa*e*1ndctaiK:^Thus^ the activis^^^ unit 
E2 is a coded spring dectrodemoumed wirfatetbecuMwt^^^^^^ 

14 is made of tungsten or an alloy of hu^en or platinum, and its pro»nai end is 
r connected to the RF generator K via an *msulate*ccntral:copper conductor (nm shown). 

20 The dectiode unit £2 is. however, provklcd with fenestrations 1^ 

sleeve 16, the fenestrations 16b bcii^ positioned all around, and adjacem to. the active 
electrode 14. These fenesirarions 1^ constitute the aspiration pathway for vapcnir bubbles, 
tissue and dcbns to be extraaed, thereby enhancing the estabfidi^ 
on the active electrode surface, and the inclusion of good vaporisation threshold 

21 properties, whMst ensuring good extraaion of heated saline. The fenestrations 16b are 
positioned sufficiently dose to the active dectrode 14 to ensure that substantially aU 
vaporised tissue is drawn into the instrument, and then evacuated through the instrument 
shaft 10, by the aspiration of the suction pump. In a modified version of tins embocfiment, 
the ac^acent nirns of the coSed spring dectrode could define additional fenestrations fcw^ 

30 assisting with the aspiration ofvapour bubbles, carbon particles and tissue 
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The electrode unit E3 of Figure 5 has a "grater" active electrode 14 similar to that of 
Figures 2 and 3. The instrument shaft 10 contains a multi-himen tube 22 which defines a 
plurality of aspiration channels 24. The active electrode 14 is connected to the RF 
generator I by means of an insulated copper conducts 26. This embodiment has the 
S advantage that« if a bolus of saline obstructs one or more of the channels 24. vapour can 
still be aspirated through the residual "open** channels 24. In this case, the bore of each 
channel 24 must not be narrower than the fenestrations 14a in the active electrode 14, 
thereby preventing obstruction of the channels by particuhue debris generated at the tissue 
application site. 

10 

The electrode unit E4 of Figure 6 inchides a single-lumen tube 22 provided with an int^ral 
~ filter 28 at the distal end thereof The fihcr.28 prevents obstmction of the Jumen tube 22 
by paniculate debris generated at the: tissue application site. Alternatively, the filter 28 
could be fonned integrally within the insulation sleeve 1 6 at the distal end of the tube 22. 

15 Again; the: filter 2S: could comprise^ a.rmesh>-bavingai?sro^^ 

allowing de-gassing of the^vapcffis3tkW'pnxhicls^whiistf4PcunM on the 

' filter.. In . thisvcase; gaseous;r*extraction:: wiU^bevfacifitaled byj^the fict that the pronmal 
single-lumen aspiration tube 22 can be constructed to withstand large vacuum pressures 
\)i^thout'oollapsing. Mere.again.:the.active:electrode l4:is connected to the RF generator 
20 1 by means of an insulated copper conductor 26. 

Each of the elcarode wtts El to E4 has the additional advantage that the aspiration in the 
region of the active electrode 14 restrictt the flow of convection currents in the saline 
surrounding the electrode assembly 12. As the power threshold required to reach 

25 vaporisation is dependent oo the power dissipation of the active electrode 14 and the flow 
characteristics around it« the power threshold is dependent upon the maxiraiim rate of 
convection. Consequently, the restriction of the convection currents reduces the power 
threshold, and this is advantageous as it eiBbles the use of a cheaper RF geiierator, as well 
as avoiding problemSv such as dissipation within the instrument, and catastropluc 

30 overheating of the active electrode. It also flidfiuttes comrol of the generator once 
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vaporisation commences. TTie impoitance of power threshold of vaporisation is discussed 
rn greater detail in the spediication of our International Patent Application GB97/00065. 

Another advantage of these electrode uniu is that, in use. the active eiectiode 14 Gices 
down, so thai saline heated thereby rises to the return electrode 18. This leads to a 
reduction of impedance throughout the circuit, and hence to a reduction of the heat 
dissipation in the saline path. 



It win be apparent that modifications could be made to the embodiments described above. 
For fexample. the himen tubes 22 of the embodiments of Rgs 5 and 6 could be used with 
the electrode assembly 12 of Rgure 4, that is to say with the fenestrated insulation sleeve 
embodiment: It -wouldalso be possible to make the insulation sleeve 16 of each of the 
embodiments of a silicone rubber (such as a silicone polyurethane). glass, a polyimide or 
a thermoplastics material 



Throughout this,specjficationSfth^terih^^?|Wmi^3^^ 
controlled vacuum source. 
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CLAIMS 



1. An eiectrosurgical imthimeni for the treatment of tissue in the presence of an 
eiearicaiIy-K:onductjve fluid medium, the instniment comprising an instnmiem shaft, and 

5 an electrode assembly at one end of the shaft, the elearode assembty comprising a tissue 
treatment electrode and a return electrode which is electrically insulated fit>m the tissue 
treatment electrode by means of an insulation member, the tissue treatment electrode 
having an exposed end for treating tissue, and the return electrode having a fluid contact 
surface wMch is spaced from the tissue treatment electrode in such a manner as to define, 
10 m use. a conductive fluid path that completes an dectricai circuit between the tissue 
treatmem electrode and the return electrode, wherein the electrode assembly is protided 
/with.a.phiraltty of ^)enures in >the..region of the tisstie:treatment electrode,- through u-hich 
apertures vapour bubbles and/or . paniculate material .can be aspirated from the rc^on 
surrounding the tissue treatment electrode. 

IS 

2. An electR>sui9cab iiistrumemras: ddmed in- claimti^kftuther coniprising. arpunq) for 
subjecting tbe^dista) end portion of the instrument shaft to^a subratmospheric pressure - 
thereby to aspirate, in use, vapour bubbles and/or particulate material through said 

' apertures from the region surrounding the tissue treatmem electrode. . 

20 

3. An eiectrosurgical instrument as dairried in claim 2. wherein the pimip is activated 
cyclically whereby matter is aspirated in a pulsed feshion. 

4. An eiectrosurgical instiumem as claimed in daim 2 or daim 3, wherein the pump ' 
25 is activated only when the tissue treatmoit dectrode is powered for tissue vaporisation. 

5. An dectrosurgical instrumem as daimed in any one of daims 2 to 4« fiirther 
comprising an RF generator having a bipolar output connected to the tissue treatmem 
electrode and the return electrode. 



30 
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6. An dectrosiirgicai instnimem as claimed in claim 5, wherein the pump is controlied 
in dependence upon the voltage output characteristics of the RF generator. 

7 An elecirosuigical instrumem as datmed in any one of claims 1 to 6. wherdn the 
5 exposed end ofihe tissue treatmcmdcctrode extends laterrf^^ 

in the insulation member at the distal end portion of the instrument, the fluid contact 
surfece of the return electrode overlying the insulation member in the region of the cutM>ut. 

8. An elccirosurgical insmiment as claimed in claim 7. wherein a single coOed filament 
10 constitutes the tissue treatment elearode. 

9. Andectrosurgicalinstrumentasclaimcdmdai^^ 

in the insulation member, the apertures being positioned around; and adjacent to. the tissue 
treatment dectrode. 

15 

10. An dectf<witiBkafeinsirument/asda 

has a diameter lymg withm the range of from aOS mm to . 1 .0 mm. 

1 1 An dectrosurgical instrument as claimed in claim 7^ wherdn an apcrtured plate 
20 constitutes ihe tissue treatment dectrode, the apertures of the plate constituting the 
apertures through which vapour bubbles and/or particulate material can be asfmaied. 

12. AndectTDairgjcd mstiumcntasdaimedindaim ll.whcrdnt^ 
said plate is formed with recesses adjacem to the apertures. 

25 

13. An dectrosurgical instrument as claimed in aiiy one of claims I to 12. wherein die 
tissue treatment decurode is made of tungsten. 



14. An dectiosuigical instrument is claimed m any one'of d«nis I to 12. wherein the 
tissue treatment dectrode is made of an aOoy of im^eo or platnmm. 
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15. An fjpcfrtmiTgFC?^ m<tnimgnt as daimed in claim 2, or in any one of daims 3 to 14 
when appendant to claim 2. further comprising a tube positioned witUn the instrument 
shafl for connecting said apertures to the pump. 

5 16. An elcctrosurgical instrument as claimed in dum 15. wherein the tube is multi- 
lumen tube. 

17. An decnosur^cal insuumem as daimed in claim 16, wherein the roulti-himen tube 
defines a phirality of channels, the diameter of each of said channels being at least equal 

10 to tl« (fiameter of the apertures in the r^on of the tissue treatment dectrode. 

18. Andectrosurgical instrumem asxiaimed in daim 15. further comprising a filler at 
the distal end of the tube. 

15 1 9: An dearodeunit^r an dectn>surgicaFinsirunaent^i?.the:ire^ 
presence of an^dectriediyKxmdttetivefluki^f^ 

having a one:eftdineanS:ibi; connection:la:aii instrument handpiece. and,. mounied<oii the 
other end of the shaft, an dectrode assembly comprising a tissue treatment electrode and 
a return dectrode wMch is. dectrically insulated front the tissue treatmem dectrode by 
20 means ofan insulation meinber, the tissue trcatmert dectrode ha\ii« an exposed end 

treaiii^ tissue; and the rcnirn dectrode havini a fli&i ra^ 
the tissue treatmem dectrode in such a manner as to define; in use. a conduct 
that omipletes an dectricd circuit between the tissue treanncm dcctn)de and the rc^ 
dectrode, where'm the dectrode assembly is provided with a phirality of apcrtturcs *m the 
25 region of the tissue treatment dectrode. through wludi apertures vapour bubbles and/or 
particulate material can be aspirated from the region surrounding the tissue treatment 
dectrode. 



20 An dectrode urat as daimed in claim 19, fiuiher comprising a pump for sub}ecdi« 
30 the distd end portion ofthe instrument shaft lo a sub-atnK»phcric pressure there^ 
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aspiraie, in use. vapour bubbles and/or particulate material through said apenures from the 
region surrounding the tissue treatment electrode. 



2 ) . An electrode unit as claimed in claim 20, wherein the pump is activated qrcticalty 
5 whereby matter is aspirated in a pulsed fashion. 

22. An dearode unit as claimed in daim 20 or daim 21, wherdn the pump is aaivatcd 
only when the tissue treatment electrode is powered for tissue vaporisation 

10 23 Andectrodeunitasdaimedinanyoneofclaims20to22«lunhercomptis'msan 
RF generator having a bipolar output connected to the tissue treatment electrode and the 
return elearode. 

24. An electrode unit as claimed in daim 23, wherein the pump is controlled in 
15 dependence upon the voltage output charaaeristicsiof the JlF generator. 

25. Electrosur^cal apparatus comprising a radio frequency, generator and an 
electrosur^cal instrument for the treatment of tissue in the presence of an electrically- 
conductive fhiid medium, the instrument comprising an instnimem shaft and an dectrode 

20 assembly at one end of the shaft the dectrode assembly comprising a tissue u^eatment 
electrode and a return dearode which is dectrically insulated fix>m the tissue treatment 
elecuode by means of an insulation member, the tissue treatment dectrode having an 
exposed end for treating tissue, and the return dectrode having a fluid contact surface 
which is placed ffom the dssue trcatmem dectrode m such a manner as to define, in use, 

25 a conductive fiiud path that completes an dectrical circuit between the tissue treatmem 
dectrode and the return dectrode. and the radio frequency generator having a tnpolar 
output connected to the electrodes, wherein the dectrode assembly is provided with a 
pitirality of apertures in the region of the tissue treatment dectrode, through wluch 
apenures vapour bubbles and/or particulate materid can be aspirated from the r^on 

30 surroundii^ the tissue treatmem dectrode. 
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26. Electrosurgical apparatus as daimed in cisum 25, fiirther comprising a pump for 
subjecting the distal end portion of the mstrument shaft to a sub-atmoqxberic pressure 
thereby to aspirate, in use, vapour bubbles and/or paniculate material through said 
apertures from the region surrounding the tissue treatment electrode. 

5 

27 Elearosurgical apparatus as daimed in claim 26. wherein the pump is activated 
cyclically whereby matter is aspirated in a pulsed fashion. 

28. Elcctrosur^cai apparatus as claimed in claim 26 or claim 27, wherein the pump is 
10 activated only when the tissue treatment electrode is powered for tissue vaporisation. 

29 Qcctrosureical apparatus as claimed in claim 28, wherein the pump is controlled 
in dependence upon the voltage output characterisdcs of the RF generator. 
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